We studied the pair production rate of charged Higgs bosons via gluon-gluon collisions in the general two-Higgs-doublet model. The analysis of its production are made with possible parameter values of Higgs sectors in this model. We find that the production cross sections may be 4 to 41 fermibar in the future LHC pp collider with these parameters.
1.Introduction
In the sense of Minimal Standard Model(MSM) [1] [2] , a neutral Higgs boson is predicted without giving its mass value. Therefore the search for Higgs boson is undoubtedly one of the important issues in testing the electroweak theory. Untill now, the top quark mass is given as [3] : m t = 176 ± 10 +8 −10 GeV . The absence of Higgs-boson signal events leads to a lower bound M H 0 > 63.5GeV at 95% C.L. obtained [4] . In order to investigate the sectors of the theory about which we know very little, the future multi-TeV hadron colliders such as the CERN Large Hadron Collider (LHC) and Next Linear Collider(NLC) are elaborately designed to devote to the precise characters of Higgs sector and top quark. Besides providing the first evidence of Higgs mechanism, the multi-TeV colliders offer the possibility of carrying on the research of other unknown particles in the hitherto unexplored mass range.
So far the extension of the MSM which includes a second Higgs doublet is far from being rules out experimentally. One strong motivation for extending Higgs sector into two-Higgsdoublet model (THDM), comes from that it has a common feature of many extended models of the MSM, such as Minimal Supersymmetric Standard Model(MSSM). The MSSM model requires two SU(2) doublets to give masses to up and down quarks [5] . It is therefore of interest to determine whether THDM or MSSM is compatible with experiments, and what further extensions should be if it is not.
In future hadron colliders, several mechanisms can produce Higgs boson. Among them the Higgs pair productions via gluon-gluon collision, quark-antiquark annihilation or others, play a significant role in studing Higgs sectors. The on-mass shell charged Higgs boson pair production with their subsequent cascade decays will provide a good opportunity of studying the two Higgs doublet model and a copious source of charged Higgs bosons. Of cause, the Higgs pair production has less rate comparing with the single production mechanism, but the Higgs pair production via gg andannihilation involves the trilinear and quartic couplings of the physical Higgs bosons. So the measurement of these couplings may be a good test of our theory. At the mean time, the pair production of Higgs boson in hadron collisions has a better signal-to-background ratio than one Higgs production process. Therefore it is worthwhile to study the precise features of the Higgs pair production processes at LHC, NLC and other future colliders which are designed operating in γγ,e + e − , pp and pp collision modes. Especially when charged Higgs boson mass is not very heavy, its pair production will be more significant. Recently T. Plehn, M. Spira and P.M. Zerwas provided the calculations of pair production of neutral Higgs particles in gluon-gluon collisions in MSSM [6] and charged Higgs boson pair production at NLC in γγ modes are also investigated in references [7] .
In this paper we represent the calculation of the charged Higgs boson pair production via gluon-gluon collisions at LHC in the frame of general THDM. The paper is organized as follows: The analytical evaluations are given in section 2. In section 3 there are numeriacal results, discussion and a short summary. Finally the explicit expressions of the relevant form factors are collected in Appendix.
2.Calculation
The general THDM contains six free parameters. Generally the four mass parameters, [5] . Since we neglect the couplings between light-quarks and Higgs bosons, there are only the following three kinds of production mechanisms: One way is by exchanging a γ or a Z 0 boson to produce a charged Higgs boson pair(see Fig.1(a,b) ), we call it as γ − Z 0 s-channel. The γ exchange s-channel diagrams have no contribution and only the axis-vector part of the coupling between Z 0 and the heavy quark in Z 0 exchange diagram, contributes to the cross section. The second mechanism is through producing the virtual neutral Higgs h 0 or H 0 bosons which is coupled to gluons by the usual heavy-quark triangle, and the charged Higgs boson pair is appeared by the subsequent decay of the virtual Higgs bosons (see Fig.1(c,d) ), which are called the h 0 − H 0 s-channel. Another mechanism is named as heavy-quark box diagrams(see Fig.1 (e ∼ j)). The box-diagrams of exchanging the two initial gluons are not plotted in Fig.1 . All the box diagrams can be divided into two groups. They are corresponding to t-channel and u-channel groups respectively. In this work, we used n-dimensional regularization scheme in the one-loop diagram calculation.
We denote θ as the scattering angle between the one of the gluons and final H + boson.
Then in the system of center-of-mass (CMS) we can express all the four-momenta of initial and final particles by means of the total energy √ŝ , the scattering angle θ and the velocity of final charged Higgs bosons. In the CMS of the initial two gluons, the four-momenta of the final charged Higgs bosons read in term of following forms
where the velocity of charged Higgs bosons in the CMS, β H ± , can be represented as
p 3 and p 4 are the four-momenta of the initial gluons and expressed as
,
The corresponding matrix element for all the diagrams in figure 1 is written as
The upper indexesŝ, box(t) and box(û) represent the amplitudes corresponding to the s-channel diagrams, including all the γ − Z 0 and h 0 − H 0 diagrams, t-channal and u-channal box diagrams in Fig.1 respectively. The g s is the strong coupling constant and T a (a = 1 ∼ 8)
are the SU(3) C generators introduced be Gell-Mann [8] . The variablesŝ,t andû are usual Mandelstam variables in the gluon-gluon center-of mass system with the definitionŝ
We collect the explicit expressions of the form factors f i (i = 1 ∼ 12) which appear in equation (4) in Appendix. The total cross section for subprocess gg → H + H − can finally be written in the formσ
where|M| 2 is the initial spin and color averaged matrix element squared andt ± = (m 2
The color factor including in|M| 2 is equal to 1/32. The total cross section for the charged Higgs pair production through gluon-gluon fusion in proton-proton collisions can be obtained by integrating theσ over the gluon luminosity.
Here we introduced a variable τ = x 1 x 2 and x 1 and x 2 are defined as
where P 1 and P 2 are the four momentum of both incident protons respectively. √ s and √ŝ are the proton-proton and gluon-gluon center-of-mass energies respectively, which can be expressed as
The quantity of the gluon luminosity dLgg dτ can be calculated by using the following equation.
The numerical resuts of the process pp → gg → H + H − are represented by adopting the MRS set G parton distribution function F g (x) [9] .
Numerical results and discussion
In the numerical evolution we take the input parameters [10] as m b = 4.5 GeV, m Z = 91.1887 GeV, m W = 80.2226 GeV , G F = 1.166392 × 10 −5 (GeV ) −2 and α = 1 137.036 . The top quark mass is just fixed to be the central value m t = 175 GeV . We also used a simple one-loop formula for the running strong coupling constant α s as
where α s (m Z ) = 0.117 and n f is the number of active flavors at scale µ. The ratio of the two vacuum expectation values tan β is chosen to be varied in our calculation. The coupling strength of the charged Higgs boson with quarks is related to scalar and pseudo-scalar parts, each part has factor g + or g − (The definitions of g + and g − can be found in Appendix).
These two parts of Yukawa coupling yield a crucial contribition alternatively depending on variate tan β. Because the present experimental data disfavor the small values of tan β in general THDM. Therefore we limit its quantity in the representative range of 1.5 to 30 in the calculation.
The cross sections of the subprocess gg → H + H − with m H ± = 150 GeV are depicted in 
Appendix
We adopt the same definitions of one-loop integral functions as in reference[11] and d = 4 − . The integral functions are defined as
The form factors involved in equation (4) are represented in terms of the above integral functions explicitly as:
where 
The arguments of two-point, three-point and four-point integral functions are written at the end of formulae in paranthesis. The repalcement m b → −m b is not performed on the arguments of loop intergral functions B, C and D.
[11] Bernd A. Kniehl, Phys. Rep. 240(1994)211 and the references therein. 
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